Understanding the temporal and spatial variability of water sources within a basin is vital to our ability to interpret hydrologic controls on biogeochemical processes and to manage water resources. Water stable isotopes can be used as a tool to determine geographic and seasonal sources of water at the basin scale. Previous studies in the Coastal Range of Oregon reported that the variation in the isotopic signatures of surface water did not conform to the commonly observed "elevation effect," which exhibits a trend of increasing isotopic depletion with rising elevation. The primary purpose of this research is to investigate the mechanisms governing seasonal and spatial variations in the isotopic signature of surface waters within the Marys River Basin, located in the leeward side of the Oregon Coastal Range. Surface water and precipitation samples were collected every 2-3 weeks for isotopic analysis for 1 year. Our results confirmed the lack of elevational variation of surface water isotopes within this leeward basin. Although we find elevational variation in precipitation in the eastern portion of the watershed, this elevation effect is counteracted by rainout with distance from the Pacific coast. In addition, we found significant variation in surface water isotope values between catchments underlain predominantly by basalt or sandstone. The degree of separation was strongest during the summer when low flows reflect deeper groundwater sources. This indicates that baseflow within streams drained by each lithology is being supplied from two distinctly separate water sources. In addition, the flow of the Marys River is dominated by water originating from the sandstone water source, particularly during the low-flow summer months. We interpreted that the difference in water source results from sandstone catchments having highly fractured geology or locally tipping to the east facilitating cross-basin water exchange from the windward to the leeward side of the Coast Range. Our results challenge topographic derived watershed boundaries in permeable sedimentary rocks; highlighting the overwhelming importance of underlying geology.
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| INTRODUCTION
Understanding the spatial and temporal variability of stream water sources is vital to our ability to interpret hydrologic controls on biogeochemical processes and to manage water resources. Within relatively uniform watersheds, previous modeling efforts to extrapolate hydrologic behaviors from gauged to ungauged basins have greatly improved our understanding of controlling factors, thus increasing predictive capacity (McDonnell et al., 2007; McGuire et al., 2005; Parajka et al., 2013; Wagener & Montanari, 2011; Yadav, Wagener, & Gupta, 2007; Zhang, Wagener, Reed, & Bhushan, 2008) . These gauged-ungauged modeling approaches indicate the strength of incorporating a priori parameter estimates of regional physical watershed characteristics (e.g., topography, geology, and slope) for improving estimations of streamflow within ungauged basins. For example, geology is a strong controlling factor on mean transit time. In Oregon, mean transit time in catchments draining volcanic rocks is correlated with terrain indices representing the flow path distance and flow path gradient to the stream network (McGuire et al., 2005) , whereas drainage area scales with mean transit time in sandstone dominated catchments . Geology was also a controlling factor in the spatial variability of mean transit in an arid catchment in Arizona during saturated conditions (Heidbuchel, Troch, & Lyon, 2013) . However, in watersheds with complex variable characteristics (e.g., geology and climate), we still need approaches that capture localized variability in catchment attributes that may significantly affect seasonal and spatial variations in hydrologic flow paths and source contributions.
For example, Patil, Wigington, Leibowitz, Sproles, and Comeleo (2014) found that spatially distributed climate data noticeably improved hydrological modeling in watersheds with high variability in climatic characteristics. Mixed lithology within a watershed still present challenges to understanding hydrologic behavior (Sprenger, Seeger, Blume, & Weiler, 2016) . Thus, despite these advances in modeling for relatively homogenous watershed, significant strides must still be made in interpreting hydrologic behavior and source water variability within watersheds with complex characteristics.
Current approaches for identifying spatial and temporal variations in stream water sources are largely insufficient for understanding the effects of spatially heterogeneous catchment characteristics such as topography, geology, and land cover (Brooks, Wigington, Phillips, Comeleo, & Coulombe, 2012; Klaus & McDonnell, 2013; McGuire et al., 2005; Mountain, James, & Chutko, 2015) . Conventional methods primarily rely upon nested stream gauges along the mainstem of the river and major tributaries; however, they fail to incorporate small tributaries and headwater streams, simultaneously. Consequently, our understanding of how these smaller (yet crucial) systems influence streamflow dynamics at the river basin scale is limited (Payn, Gooseff, McGlynn, Bencala, & Wondzell, 2012; Singh, Emanuel, & McGlynn, 2016) . Additionally, due to resource limitations, most studies must choose to prioritize either spatially or temporally intensive sampling, which leads to an inability to concurrently interpret important seasonal and spatial variations. Although several studies have investigated variations in stream water source and surface water-groundwater interactions within small (<240 km 2 ) (Blumstock, Tetzlaff, Malcolm, Nuetzmann, & Soulsby, 2015; McGuire et al., 2005; Mountain et al., 2015; Pu et al., 2013; Rodgers, Soulsby, & Waldron, 2005; Rose, 1996; Singh et al., 2016; Soulsby, Malcolm, Helliwell, Ferrier, & Jenkins, 2000) or large (>12,000 km 2 ) river basins (Brooks et al., 2012; Koeniger, Leibundgut, & Stichler, 2009; Martinelli, Gat, De Camargo, Lara, & Ometto, 2004; Négrel, Petelet-Giraud, & Millot, 2016; Wang et al., 2009) , few have simultaneously incorporated a spatially extensive focus with high-sampling frequency on headwater catchments, large tributaries, and mainstem sites at the mesoscale (Jeelani, Saravana Kumar, & Kumar, 2013; Ogrinc, Kanduč, Stichler, & Vreča, 2008; Speed, Tetzlaff, Hrachowitz, & Soulsby, 2011) . Many investigations into streamwater source variability conducted within mesoscale basins incorporate only on short duration isotopic sampling (Martinez, Raiber, & Cox, 2015; Séguis et al., 2011; Tetzlaff, Uhlenbrook, Eppert, & Soulsby, 2008) or focus only on major tributaries and river mainstems (Pereira et al., 2014; Rugel, Golladay, Jackson, & Rasmussen, 2016; Scholl et al., 2015) . In these complex systems, coupling extensive (in space) with frequent (in time) water sampling during at least an entire year would provide information about regional controls on the spatial and temporal variability of water sources relevant to management. water on a wide range of geographic and temporal scales (Brooks et al., 2012; Gibson et al., 2005; Jasechko, Kirchner, Welker, & McDonnell, 2016; Koeniger et al., 2009; Martinelli et al., 2004; Mountain et al., 2015; Schulte et al., 2011; Wang et al., 2009 ), mean transit times at different time scales (see reviews by McGuire and McDonnell (2006) and Klaus and McDonnell (2013) , and flow paths (McGlynn, McDonnel, & Brammer, 2002; Rodgers et al., 2005 Several previous studies have exemplified the consistent relationship between elevation and surface water stable isotopic concentration at the river basin scale (Bershaw, Saylor, Garzione, Leier, & Sundell, 2016; Biggs et al., 2015; Brooks et al., 2012; Fan, Chen, Li, Li, & Li, 2015; Li et al., 2015; Peng, Chen, Zhan, Lu, & Tong, 2015; Vespasiano et al., 2015; Wassenaar, Athanasopoulos, & Hendry, 2011) . For most areas, an elevation lapse rate of~3‰ km −1 for δ
18
O can typically be assumed, with the exception of the Himalayas and areas with elevations greater than 5000 m (Poage & Chamberlain, 2001 ). However, within certain regions that do not meet the highelevation exception, this correlation has proven to be weak, absent, or even inverse (Bershaw, Penny, & Garzione, 2012; Lechler & Niemi, 2011; Wassenaar et al., 2009) . For example, no stable isotope-elevation relationship is observed across the leeward side of the Oregon Coast Range (Brooks et al., 2012) . Although the Western Oregon
Cascades are impacted by the same storm systems and exhibit a strong correlation between elevation and surface water isotopic composition, surface water isotopes along the leeward side of Oregon Coast Range are unrelated to elevation (Brooks et al., 2012) .
Additionally, the isotopic signature at the outlets of these leeward watersheds were more enriched than the majority of small catchments within the watershed (Brooks et al., 2012 The geology of the MRB is characterized primarily by a mixture of sedimentary formations (marine sediment), volcanic and intrusive rocks, and sparse quaternary sediment (alluvium and colluvium) (Baldwin, 1964; Walker & MacLeod, 2002) . Geologic composition within the MRB is dominated by basalt ( According to the National Land Cover data base (Homer et al., 2015) , land cover within the MRB is highly variable but can be typified 
| Field methods
Twenty-four sites were selected for surface water sample collection on and capped without headspace in order to prevent isotopic fractionation. Duplicates were collected every 10 samples for quality assurance and control. Prior to analysis, all samples were stored upside down in a dark, temperature-controlled environment.
| Isotopic and statistical analysis
Water isotope analysis was performed using a cavity ring down spec- O (Dansgaard, 1964) .
| End-member mixing analysis
A simplified two end-member mixing model was used in order to estimate temporal variations in the contributions from sandstone-and basalt-based catchments to Marys River. For the application of this model, it is assumed that basalt and sandstone contributing areas make up the entirety of discharge contributed to the stream and exiting at the outlet. The model is composed of two equations:
where F ss (fraction from sandstone catchments) multiplied by the aver- 9.2‰ AE 3.9. Ten samples (25%) fell 5‰ or more below the GMWL indicating evaporation (Brooks et al., 2012) . Of these 10 samples, 70% were collected during the spring and summer months when storm magnitude is at a minimum and evaporative influences are likely to be strongest.
No statistically significant seasonal differences were detected in 
| Temporal and spatial variation of surface water isotopes
Surface water isotopes within the MRB ranged from −9.3 to −7.1‰ in 4 | DISCUSSION
| Trends in precipitation water stable isotopic concentrations
The regional LMWL constructed using isotopic data from the six collection sites indicates that regional isotopic signatures did not deviate significantly from the GMWL. LMWLs specific to Newport, Alsea, and Corvallis shared similar slopes and intercepts to the GMWL, indicating that precipitation within this region was not subject to secondary evaporation. However, precipitation collected during the spring and summer showed the greatest amount of deviation from the GMWL (Figure 2 ). Due to the careful nature of precipitation collection and the use of evaporation free samplers, samples did not experience evaporation prior to retrieval. Instead, frontal systems during the spring and summer were likely more strongly influenced by nonequilibrium evaporation at the source due to frequent high temperatures during relatively smaller storm magnitudes (Benjamin, Knobel, Hall, Cecil, & Green, 2005; Jeelani et al., 2013) . Coastal Southwestern Canadian surface water (Yonge et al., 1989 Thus, our lapse rates fall somewhere in between those other local lapse rates. Given that our analysis only included precipitation samples collected over 1 year, the calculated lapse rates could also be a reflection of specific conditions during 2014-2015. Despite the similarity between our precipitation lapse rates and those within surface samples in the Willamette and the Coastal and Western Canadian ranges, our results also confirmed the lack of elevation-isotope concentration relation in surface water on the leeward side of the Oregon Coast Range.
Given that a strong relationship between mean watershed elevation and surface water isotopic values has been exemplified in the Cascade Range, one potential explanation for the lack of this relationship in the Coast Range might arise from differences in local atmospheric dynamics occurring on the leeward side of the range. However, since
we found an elevation relationship with precipitation, and the LMWL's were similar to the GMWL, variations in atmospheric conditions does not seem a plausible explanation for the lack of an elevation influence on surface water isotopes. One complication is that our precipitation collectors for our elevation pattern were all located just outside our study basin, in the eastern portion of the MRB, and thus may not reflect the full variation in precipitation isotopes across the MRB. ) arid systems (Heidbuechel, Troch, & Lyon, 2013) ; topographic organization was another factor influencing water isotope values in humid 3-5 km 2 temperature catchments (Singh et al., 2016) ; and storage had a large effect on water isotope values on humid 3.2 km 2 systems (Blumstock et al., 2015; Soulsby et al., 2015) . In the MRB, the degree of difference between isotopic values within basaltand sandstone-based catchments was smaller during the winter and spring when precipitation was high and higher during the summer and fall when precipitation amounts were much lower ( Figure 5 ). with sandstone catchments always having more isotopically enriched surface waters. During the drier months when streams were at baseflow conditions, the two groups demonstrate a very dramatic separation, indicating that baseflow was being supplied from two isotopically distinct water sources: one isotopically more similar to precipitation within the Marys Basin that supplied basalt catchments, and the other isotopically more enriched that the measured precipitation sources in the basin that supplied sandstone catchments. We speculate that sandstone formations crossing the Coast Range divide to the East may facilitate cross-basin water exchange of groundwater.
Even though the overall sandstone dipping appears to be West (Wiley, 2008) , cross-basin water exchange, could be occurring at local dipping or fracture sandstone facies were all more depleted than surface water isotope values coming from sandstone (Figures 4 and 6 ). Chemical fractionation is also unlikely despite the similarities between the kaolinite reaction line and the GMWL (Sheppard & Gilg, 1996) because of the conservative nature of water stable isotopes. Unlike isotopes of carbon and sulfur, concentrations of δ
18
O and δD are not substantially altered during reactions with minerals along shallow, low-temperature flow paths (Kendall & McDonnell, 1998) .
For both geological catchment types, the isotopic composition of surface water within the MRB exhibited only a fraction of the seasonal variation that we found in precipitation, suggesting that the fraction of precipitation routed directly to the stream as event water is typically not the dominate factor influencing the isotopic composition of surface water. Consequently, stored water (e.g., groundwater or preevent water) was likely the strongest driver of the differences observed in surface water. For both geological groups, the average dexcess value for surface water was significantly higher than that of precipitation. Given that evaporation produces lower d-excess values and shifts points below the GMWL, evaporation was not the primary driver of this difference. Instead, we suspect that the isotopic value of precipitation that contributes to groundwater recharge (which may be stored in hillslopes, bedrock, or riparian areas) must be isotopically different from the average annual precipitation value within the Marys Basin. For simplicity sake, we will focus on surface water within the basalt catchments, which we speculate originated in a higher proportion from precipitation within the Marys Basin. The discrepancy between the isotopic signature of recharge (i.e., groundwater) and average annual precipitation is likely due to seasonal variations in recharge capacity as a result of antecedent soil moisture and storm intensity, with large fall and winter storms having higher d-excess
values. This theory is further supported by the significant difference between mean annual isotopic values of precipitation and surface water in sandstone catchments and mean weighted isotopic concentrations of precipitation at three different elevations (Figures 4 and 6 ).
The largest disparity between isotopic values of precipitation and surface water is present in the fall, whereas greatest degree of similarity exists in winter. During early fall, streams are generally at or near baseflow conditions due to the absence of significant rainfall throughout the summer, typical of maritime climate. As a result, surface water isotopic signatures at this time are the most strongly representative of groundwater sources (Freeze, 1974) . Conversely, during the peak of the winter rainy season streams are at their highest flow levels due to large-magnitude and long-duration storms. Thus, it is not surprising that surface water was most isotopically consistent with precipitation during the wettest portion of the year when the fraction of precipitation as streamflow is highest and most isotopically dissimilar when conditions were driest.
Because the two geological catchment groups have such distinct isotopic signatures for surface water, we estimated their fractional contributions to streamflow at the outlet over the study period (Figure 7) . Using a simple mixing model, we estimated that the sandstone catchments contribute on average 77% of the flow annually compared to 23% from basalt catchments. The contribution from basalt were highest during the wet period (January-April; Figure 7b ).
This suggests that water storage within the basalt is comparatively "flashier" than that of sandstone, meaning that during wet conditions water is quickly routed off of the low-permeability basalt bedrock.
Due to lower permeability, storage within the basalt is more rapidly depleted during dry periods absent of recharge. Similarly, more isotopically depleted values were reported in watersheds underline by crystalline versus sedimentary lithology (Capell et al., 2012) . In our case
given that basalt underlies 49% percent of the basin, this holds significant implications for streamflow within catchments during low-flow periods and drought years. These basalt catchments in the central portion of the basin may be subject to a substantial decline in streamflow yet make up the majority of the Rock Creek watershed supplying water to the city of Corvallis. During the dry summer period, the higher permeability sandstone-drained catchments to become the primary contributors to streamflow, contributing over 80% of the flow during these critical low-flow periods. Sandstone catchments along the western side of the basin may be continuously fed by highly fractured, cross-basin sandstone aquifers during these periods, essentially providing a subsidy of water to the Marys River besides local precipitation.
Our results provide strong evidence of significant cross-basin water exchange and challenge topographic derived watershed boundaries. As previous studies have highlighted, topography is not the sole attributes controlling spatiotemporal patterns in streamflow (Brooks et al., 2012; Klaus & McDonnell, 2013; McGuire et al., 2005; Mountain et al., 2015) . In fact, many studies have highlighted shortcomings of topography as the primary control, and other factors such as soil thickness and moisture (Buttle, Dillon, & Eerkes, 2004; Devito et al., 2005; Grayson & Western, 2001) , distribution of flow paths and runoff (Buttle, Creed, & Moore, 2005; McDonnell, 2003) , wetness indices (Grabs, Seibert, Bishop, & Laudon, 2009) , water tables (Condon & Maxwell, 2015; Haitjema & Mitchell-Bruker, 2005; Moore & Thompson, 1996) , and ground water residence times (Maxwell et al., 2016; McDonnell et al., 2010) . Nevertheless, topographic boundaries continue to be the most common approach to delineating watersheds. Our study clearly indicates that topography is likely insufficient to define watershed boundaries in permeable sedimentary rocks; highlighting the overwhelming importance of underlying geology.
| CONCLUSIONS
Combined analysis of precipitation and surface water isotopic compo- Furthermore, these findings hold significant implications for water supply to the cities of Corvallis and Philomath, given that Marys River serves as one of the primary sources (over 30%) of municipal water to these locales. Because basalt dominated catchments are prone to greater flashiness and make up a lesser amount of overall streamflow during dry periods, prolonged drought has the potential to lead to water shortages for the surrounding areas.
Ultimately, the methodology applied here could be replicated to determine controlling factors of surface water isotopic composition within other areas where the stable isotope-elevation relationship is absent and where permeable material is likely to favor cross-basin water exchange. 
